Red antenna states of photosystem I from Synechocystis PCC 6803.
Single-molecule spectroscopy at low temperatures was used to elucidate spectral properties, heterogeneities, and dynamics of the red-shifted chlorophyll a (Chl a) molecules responsible for the fluorescence from photosystem I (PSI). Emission spectra of single PSI complexes from the cyanobacterium Synechocystis PCC 6803 show zero-phonon lines (ZPLs) as well as broad intensity distributions without ZPLs. ZPLs are found most frequently on the blue side of the broad intensity distributions. The abundance of ZPLs decreases almost linearly at longer wavelengths. The distribution of ZPLs indicates the existence of at least two pools with maxima at 699 and 710 nm. The pool with the maximum at 710 nm is assigned to chlorophylls absorbing around 706 nm (C706), whereas the pool with the maximum at 699 nm (F699) can be assigned to chlorophylls absorbing at 692, 695, or 699 nm. The broad distributions dominating the red side of the spectra are made up of a low number of emitters assigned to the red-most pool C714. The properties of F699 show close relation to those of F698 in Synechococcus PCC 7002 and C708 in Thermosynechococcus elongatus. Furthermore, a high similarity is found between the C714 pool in Synechocystis PCC 6803 and C708 in Synechococcus PCC 7002 as well as C719 in T. elongatus.